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The Measured Cost of Copying Garbage Collection Mechanisms 
Abstract 
We examine the costs and benefits of a variety of copying garbage collection (GC) mechanisms across 
multiple architectures and programming languages. Our study covers both low-level object representation 
and copying issues as well as the mechanisms needed to support more advanced techniques such as 
generational collection, large object spaces, and type-segregated areas. 
Our experiments are made possible by a novel performance analysis tool, Oscar. Oscar allows us to 
capture snapshots of programming language heaps that may then be used to replay garbage collections. 
The replay program is self-contained and written in C, which makes it easy to port to other architectures 
and to analyze with standard performance analysis tools. Furthermore, it is possible to study additional 
programming languages simply by instrumenting existing implementations to capture heap snapshots. In 
general, we found that careful implementation of GC mechanisms can have a asignificant benefit. For a 
simple collector, we measured improvements of as much as 95%. We then found that while the addition 
of advanced features can have sizeable overhead (up to 15%), the net benefit is quite positive, resulting in 
additional gains of up to 42%. We also found that results varied depending upon the platform and 
language. Machine characteristics such as cache arrangements, instruction set (RISC/CISC), and register 
pool were important. For different languages, average object size seemed to be most important. The 
results if our experiments demonstrate the usefulness of a tool like Oscar for studying GC performance. 
Without much overhead, we can easily identify areas where programming language implementors could 
collaborate with GC implementors to improve GC performance. 
Comments 
University of Pennsylvania Department of Computer and Information Science Technical Report No. MS-
CIS-97-06 
This technical report is available at ScholarlyCommons: https://repository.upenn.edu/cis_reports/109 
 	
	
































































ô*ù{ù;î ÷9î ñ {ô)Lï9õ;ö;öYñ!ò^÷21ÖòGñ3È÷9í;ø54Jø¨ð.) ø¨÷G÷6ÖßôÌóô!òGùô {ù87 g÷Ìø)9ñ!òGöYñ*òGô*÷9î ñ ;ï
ô {ù÷9í;ø;:	 {î <gø½òGïGî ÷Üûﬀñ1Oßø = ;ï^û>) <pô ;î ôtþJø½ïGø½ô*ò?Ìí8,§ñ*õ= ;ù;ô*÷9î ñ A@ì4í;ø5<Rî ø¨ð.ï
ô {ùB½ñ =) õ{ïGî ñ {ï½ñ g÷9ô!î  ;ø½ùî  ÷Ìí;î ï0ù;ñﬃ½õ3¼ø g÷Jô*ò9øE÷9í{ñ*ï9ø,ñ1÷9í;ø,ô*õ;÷9í;ñ!òGï
ô {ùï9í;ñ!õ) ùC {ñp÷JúYø-î  g÷9ø½òGö;ò9ø¨÷9ø½ù´ô!ï.òGø½ö{òGø½ïGø g÷9î  =DE÷9í{ø-ñEF½î ô)LöYñ) î ½î ø½ïG;ø½î 























































































































































































































































































































































































;¢¡¯Y	·±¥L¤g;¢¡¥§ ¦E¥;®¢£,¥§«?Ç¨g¤*¢¦E¡  Y Z¯§9] ¦d£Z{µ4ÃEé¡ ¤g,¢£!²¾£Z¯Y
 ¥©¡2µ{¤*¢¼¥§ '¢£¡¦¼¦¨¢¿ª?²LËLÆt­¥§2À¢t¢£­ª*¢p{¡·¡¦A¥;®0!;¤!¢·À²]£¥ZÆ
éçXW{ ª Y Z¯§©¦½ {µ¦½£¥;¢¦ﬀR°­¶§g !°p;¢gª4Ã
çÍ{¤p£¡  ºt{¤p£ çÍ;ØYg¿µ é¡Ùg ÛÌ ª! °À¢!Á Z0¥{·±¡¤!² W4± !Áié¡Ùg °À¢!Á\ 	¿ë!°
é¹Ûtº	£{·¡·¡g ¶§ Z-°¡1R°½² ¦½µ·±À¢ Ûi ¦¨¢½°ﬂW¡â  ªÀ°g¤!¢½Á91{µ Æ¼°À¢!Á9«;¤*Ø ;ã2«?²?¢g¦ {ã2«L²?¢g¦
V­R¢p[W¡â 
ég¤!¥§ ª;°½² ¿ À¬Zª ã1ç  ªÀ°g¤!¢½Á91{µ Æ¼°À¢!Á9«;¤*Ø âZä«L²?¢g¦ âRä «L²¢!¦
[8Ze!¢¦½!°¯§!° Z-°¡1R°½² ¦½µ·±À¢ Ûi ¦¨¢½°ﬂW   äZÁGÆ¼g² Æ¼°À¢!Á9«;¤*Ø §ä«?²?¢g¦ 9Ó
V­R¢p[W  
ég¤!¥§ ª;°½² ¿ À¬Zª âﬂç  ªÀ°g¤!¢½Á91{µ Æ¼°À¢!Á9«;¤*Ø âZä«L²?¢g¦ 9Ó
Õ0{«·¡âFW	ºt{¤p£­¤p£R°p{¤!¢!°¡¦¨¢¡¤g¦ﬀ¥{®  	! ¤p£1;°Ø'çÍ;¤*£¡ g¦

































































































Ä¿° [Z1{¤p£¡ 2±¦©e*¢*é!°¯Y*°ß{ê?â  W0é?ãÃlÕt£21{¤p£¡ 






































0 5 10 15 20


































































0 5 10 15 20











































¸ iE!°¦½¡¥§  ?Ã ä{»0¤g¥§2µ±·¡!°-¢¥¤!¥§2µ¡·¡´Ä¦½¤ZR°ZËYÆ´£¡·¡¼¥{®O¢£'[8Z0ËRÆt
¿¦½gª
LFL
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬂ OòGõ g÷Ìî 3¼ø	õ;ï9ø½ïd÷9í;î ï;3	õR÷Ìô*ú=) øtô!òGø½ôﬀ÷9ñﬀô!î ù¾î  





































































































































































































































































%7! /GÒD *ÑpË-µ{¶{g¦'â{âZÞâÃdAº¼ç Z-°g¦½¦gË
Ä¤!¢ZÃ4âZÞ Ã
 äﬂﬂºﬀÃ5YÃEº	£g *²LÃ d eﬀ¥§ ÁÌèAg¤g¿°¦½¡¯Y W.¡¦¨¢1º	¥{2µ;¤!¢¡ ¶ dﬀ·ÀÁ
¶§¥;°À¢£ÍÃ

%ﬀﬃ ﬃ _9+/GÒÓﬀ! /C%79Ñ2%?;!$#+ 





tÔ6%ZÒD < <'7/:9_1{Ñ %?ﬁ!$#+ ﬁﬀﬂﬀﬃ





%ﬀ94?ﬂ *Ô< "9Ò" %ﬀ9

Óﬀ9Óﬂ15 "ﬃ2 "9&! %?	!¾Óﬀ!9Ó{Ëµ{¶{g¦ PLâ" YäLË
çF¡  Z{µO¥{·±¡¦gË4ç eﬂËOçÍg²lâZÞ{Þ{ãÃ




%ﬀ9ﬂ?4 *Ô< "9OÒD $#Z ½Ò<%{Ô'% ? !$#+ 




X7ﬃnB[%{Ñ</_ﬃ %ﬀ9'¼ÔD/:9Ò/ B]-> *Ñ
%?¼Ô%<1{Ô½Óﬀﬃ8ﬃ /:951











Äﬀ°¡g L¢Zª WJ; ¶§¿{¶{§ÃjÛi (tÔ6%ZÒD < <'7/:9_1{Ñ%?h!$#+ *) % ÔD!\ < "9+!$#

X7ﬃnB[%;ÑD/ [ﬃ %ﬀ9Ð B& *Ô¨Óﬀ! /:951

X;Ñ<!\ "ﬃÑ+¼ÔD/:9Ò/ B]-> *ÑËA¯Y¥§·¡¿2
äF?¸9ß§»b¥{®fÐ B& *Ô½Óﬀ! /:951






























































1{Ô½Óﬀﬃ8ﬃ /:951{Ëtµ;¶§g¦]ä Yß?ä;ãYß?ËZdﬀ¿¦¨¢¡ .Ë¼Õ.!{¦gË dA¿¶ÃAâgÞ ;ãÃ
dﬀº¼ç Zd°g¦½¦gÃ
ÀâRäﬂ©ç³Ã  AÃFèAg¡ £¥§·±ª4Ã ºt{¤p£ Z0!°½®Ï¥{°1; ¤g ¥;®È¹;°«{¶{!Á






%ﬀ9ﬂ?ﬂ *Ô6 "9OÒD %ﬀ98¼Ô%<1{Ô½Óﬀﬃ8ﬃ /:951

Óﬀ9_1Óﬂ15 *Ñ !b *Ñ</>1ﬀ91Óﬀ9Y'

ﬃ A
































Ò" < 6'ﬀ/:951{Ñ %?






Óﬂ15 "ﬃ2 "9&!^Ë¯Y¥{·±¿2  Ff¥{®













































% ?"! ^,Ó{Ô< 8¼Ô¨ÓYÒ! /GÒD 'Ó79]'*HI"B& *Ô"/E "9ÒD *ËEä_W   
§ß?ËJâgÞ§Þ ?Ã
